Objective: To describe the early hemodynamic changes after fetal aortic valvuloplasty (FAV) for evolving hypoplastic left heart syndrome due to mid-gestational aortic stenosis and to assess whether these early changes predict biventricular (BiV) circulation at neonatal discharge. Amongst the pre-post changes, gaining partially or exclusively antegrade systolic arch flow was the most significant independent predictor of BiV circulation (OR 9.80 and 19.83, respectively, both P < 0.001).
| INTRODUCTION
Hypoplastic left heart syndrome (HLHS) comprises a spectrum of cardiac malformations characterized by significant underdevelopment of left heart structures. These small left-sided structures are unable to support systemic circulation, necessitating palliative procedures to allow for survival with univentricular (UV) circulation with associated morbidity and mortality. 1 One of the etiologies of HLHS is fetal aortic stenosis (AS). Natural history studies have demonstrated that in mid-gestational fetuses with severe aortic stenosis and a normal-sized or dilated left ventricle (LV), left heart growth arrest can occur leading to HLHS at birth. [2] [3] [4] [5] [6] Echocardiographic-derived hemodynamic parameters that are moderately predictive of development of HLHS in these fetuses include LV dysfunction, monophasic mitral valve (MV) inflow, retrograde systolic transverse aortic arch flow, and foramen ovale (FO) flow reversal. 7, 8 Beginning in the early 1990s, fetal aortic valvuloplasty (FAV) has been performed for fetuses with AS and features of evolving HLHS. 9 The goal of the intervention is to relieve LV outflow tract obstruction and allow increased flow through the left heart to stimulate continued growth through gestation and to allow the LV to support biventricular (BiV) circulation after birth. FAV has been shown to promote LV growth and function and may improve the likelihood of BiV circulation. 10 Pre-FAV echocardiographic data have been used to iteratively refine Prosnitz and adjust selection criteria. 11 All fetuses who have undergone FAV have had retrograde aortic arch flow. Currently, approximately 50% of subjects who have undergone FAV at our institution achieve BiV circulation at neonatal discharge. 12 Pre-intervention factors including LV pressure, MV inflow time, ascending aorta size, and LV long axis-size have been shown to be independently associated with BiV circulation.
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A prior study 13 (n = 26) from our institution described changes in left heart hemodynamics from pre- and later BiV conversion after neonatal discharge (n = 6). 15 The Scientific
Review Committee of the Department of Cardiology and the Institutional Review Board at Boston Children's Hospital approved this study.
The technical features of the FAV procedure have been described previously. 10, 16, 17 A technically successful FAV was defined as one in which the aortic valve was crossed and a balloon inflated, with clear evidence of increased flow across the valve.
All subjects had a complete fetal echocardiogram zero to 1 day before FAV and a follow-up echocardiogram 1 to 2 days after FAV.
The fetal echocardiograms were reviewed on the day of acquisition by a single reader (W.T.) who was blinded to the neonatal circulation outcome of the subject. Outcome-blinded analysis of the echocardiograms by a consistent reader was used to reduce variability in measurements. Not every fetal echocardiogram allowed for measurement of each echocardiographic parameter.
Methods of echocardiographic measurements have been detailed elsewhere 13 but include the following key methods. LV volumes were calculated using the 5/6 th -area-length method, which allowed for calculation of LV ejection fraction. LV sphericity was calculated as the ratio of short-axis area to long-axis length. measurements. 18 The aortic jet width index was calculated by dividing the antegrade aortic jet width by the aortic valve annulus diameter.
Z-scores for fetal anatomic and hemodynamic measurements were calculated using internally derived normative data based on gestational age using previously published methods. What's already known about this topic?
• Mid-gestational aortic stenosis can progress to hypoplastic left heart syndrome, a condition that is associated with high morbidity and mortality.
• Fetal aortic valvuloplasty can promote left ventricular growth and function and may prevent progression to hypoplastic left heart syndrome.
What does this study add?
• This study describes for the first time the hemodynamic changes that occur in the first 24 to 48 hours after fetal aortic valvuloplasty.
• After fetal aortic valvuloplasty, there are significant improvements in fetal hemodynamics, including antegrade systolic transverse aortic arch flow, the direction of FO flow, and left ventricular ejection
fraction.
• We demonstrate that gaining antegrade systolic transverse aortic arch flow increases the odds of postnatal biventricular circulation.
was considered significant. The Wilcoxon signed-rank test was used to compare pre-FAV and post-FAV continuous and ordered categorical variables. Pre-FAV and post-FAV dichotomous variables were compared using McNemar's test. Table 1 displays summary statistics based on all available pre-intervention data, whereas Table 2 (P < 0.001). There was a modest increase in LV ejection fraction from a median of 23% to 28%, with a median change of 6.9% (P < 0.001).
Within the BiV outcome group, the median LV ejection fraction change in the UV group. Sixty-two percent of all subjects experienced a ≥5% increase in LV ejection fraction.
In univariate regression, several early post-FAV hemodynamic changes were predictive of BiV circulation at neonatal discharge (Table 3) To generate a multivariable model (Table 4) 
| DISCUSSION
In this study, we demonstrate that FAV leads to acute changes in the fetal heart, including alterations in left heart hemodynamics, improved diastolic function, and modest increase in LV systolic function.
Improvements in left heart hemodynamics, namely gaining antegrade systolic transverse aortic arch flow and bidirectional FO flow, are predictive of BiV circulation at neonatal discharge.
Our results provide insight into the physiologic effects of FAV and add value to previously published descriptions of pre-FAV factors that predict BiV circulation. 11 The goal of FAV is to improve antegrade aor- In addition to improved antegrade left heart flow, we demonstrate 
